Hydrochemical investigation of forty boreholes drilled on the basement and sedimentary rocks in Ibadan and Lagos metropolis southwestern Nigeria respectively were carried out in order to determine the portability of the groundwater in both areas and to highlight differences in their chemical characters and variations with seasons. Data obtained indicated that the groundwater in Ibadan area is mainly the Na + Ca -HCO 3 type, while that of Lagos is Na + Ca -C1 + SO 4 type. The groundwater chemistry reflects weathering of sodic plagioclase feldspars in the basement rocks as well as arkosic sandstone in the sedimentary terrain. The higher chloride (ca. 124.2 mg/L) content of the Lagos water is probably due to salt-water intrusion along the coastal area. Elevated Na contents could also create staining problem. It is therefore desirable to remove these elements from the borehole water prior to consumption.
Introduction

Background and Objective
Harnessing groundwater for developmental purposes require adequate knowledge of the geologic and chemical properties of the aquifers. In southwestern Nigeria, groundwater is abstracted mostly through hand-dug wells and boreholes in both the basement and sedimentary terrains. Apart from the geochemical influence of the bedrock on the chemical quality of groundwater, contaminations of shallow wells from anthropogenic source are common occurrences. Ibadan and Lagos areas (Figure 1 ) occur within the tropical region characterized by wet and dry seasons. Groundwater recharge during the rainy season in April to October is followed by drawdown in November to March due to paucity of rain, water abstraction coupled with evaporation and transpiration.
Urban cities are prone to waterborne diseases such as cholera, diarrhea and typhoid fever. Air and water pollution are some of the potential hazards in such area. Apart from water borne diseases especially gastro enteritis, which is related to fecal pollution and inadequate hygiene in Ibadan and Lagos areas, toxic elements in soil and rocks may be leached into groundwater. Despite the immense benefits of increased irrigation for food production most especially during the dry season (Kemp & Hafi 2001) , there are reported cases of excess intake of inorganic compound from drinking water in Africa and most especially nitrate in agricultural areas with heavy use of fertilizers (UNESCO, 1997 (UNESCO, -1998 . Aesthetic problems such as bad odour, taste or staining caused by iron, hydrogen sulphide and manganese may adversely affect optimum utilization of groundwater.
Groundwater in Lagos metropolis is vulnerable to contamination due to the permeability of the overlying vadose zones. Aspects of groundwater in both Ibadan and Lagos areas have been studied by many workers including Asseez, (1971) ; Kampsax-Kruger & Sshwed Associates, (1977) ; Loehnert, (1981) ; Offodile, (1983) ; Oteri, (1989); Onwuka, (1989 Onwuka, ( , 1990 ; Ako et al., (1990) ; Annor et al., (1990) ; Olayinka, (1992) , Olarewaju et al., (1997) and Idowu et al., (1999) . However, data from many of such investigations are not usually synthesized with the geology of the area, weathering processes and seasonal variations, which is the focus of the present investigation.
Hydrogeological Setting
Ibadan metropolis is located on the Precambrian Basement complex rocks of southwestern Nigeria (Figure 1 ). The major bedrock types include migmatites, banded and granite gneisses, pegmatites quartzite and quartz schist. Other minor rock types include biotite schist, amphibole schist, quartz and aplite veins (Figure 2 ). Field studies show that the major rock units in Ibadan area are deeply weathered in some locations, leaving only few rock exposures, around the University of Ibadan, Apata and Alakia areas. These rock bodies are foliated and highly fractured as shown in Figure 2 . The hydrogeology of the area is primarily controlled by secondary porosity in form of fractures. Although the joints, faults and foliation traces have slightly different orientations due to the polycyclic nature of the basement, the general trend is NW-SE while the dip ranges from 20 to 60º to the East (Figure 2 ). Well data from the area shows that the fractured aquifer provides most of the well water, although, saturated unconsolidated overburden of between 10-30m thick seldom occurs.
The Lagos area is located on the Recent alluvial sediments and the Quaternary coastal plain sands, also known as, the Benin Formation (Figures 3 and 4) . Stratigraphic and hydrogeological studies by Jones and Hockey (1964) , Fayose (1970) , Kampsax-Kruger & Sshwed Associates (1977) , Omatsola & Adegoke (1981) , Agagu (1985) and Onwuka (1990) showed that the Quaternary sediments are underlain by Cretaceous and Tertiary rocks (Figure 4) . The main rock units are conglomerate, sandstone, limestone, clay, shale and alluvial sand (Figure 4 ). On the basis of the aquifer types, the sedimentary area is classified into three main hydrographic units namely, the upper, middle and lower aquifers. The uppermost aquifer is composed of weakly consolidated, variedly ferruginised medium to coarse grained Quaternary sands and clays of the Benin Formation. The aquifer varies in thickness from about 90 m at Abule-Egba to about 150 m at Mushin. In areas where aquitads are absent, the surfacial aquifer provides recharge for deeper aquifers in the Tertiary sediments below. The Benin Formation forms an extensive unconfined aquifer, which underlies most part of the Lagos metropolis ( Figure 2 ). The upper aquifer is separated from the middle aquifer by a band of greenish laminated Akinbo shale. The underlying aquifer consists of Tertiary limestone and marls of the Ewekoro Formation. At lkeja, the depth to the limestone aquifer is about 160 m. The aquifer is characterized by intercalations of fissile shale, which may hinder the continuity of the aquifer at depth. The third and lowermost hydrographic unit is the Abeokuta Formation. It is composed of Cretaceous conglomerates, coarsegrained feldspathic sandstones and arkoses. The lithology is ferruginised to different degrees inland. The thickness of the aquifer increases from the basement area in the north to the seaward side in the south. Idowu et al. (1999) reported that a borehole at Sango-Otta tap the aquifer within the Abeokuta Formation at 420 m depth. Six boreholes around Ikeja, with an average depth of about 720 m were reported to have tapped hot water (Onwuka, 1989) . 
Materials and Methods
A total of forty borehole water samples were collected from twenty locations within lbadan and Lagos metropolis . Filtering of the water samples was accomplished with 0.45 mm cellulose acetate filters. The water samples were stored in a refrigerator after addition of preservative chemicals (HNO 3 ). Laboratory analyses were conducted within 24 hours after sampling, in the Chemistry Department, University of lbadan. Spectrophotometric as well as titration methods were employed following the procedures of Brown et al. (1970) and APHA, (1981) . The colour of the water samples was determined using the Lovibond Nesslerisser Comparator and expressed in Hazen units.
Results
Results of the physico-chemical analyses of the water samples are presented in Tables 1 and 2. Table 3 The chemical composition of the groundwater in the basement area of lbadan is dominated by sodium, calcium bicarbonate ions (Table 1) , whereas those of the Lagos sedimentary area is the sodium, calcium chloride and sulphate type ( Table 2 ). The general ionic order of dominance among the cations is Na (Table 2) . These may suggest contamination of the ground water at these locations through anthropogenic sources.
The variation in water chemistry is consistent with the mineralogy of the bulk-rock samples collected from the area (Bolarinwa, 2001) . Petrographic, X-ray diffraction and microprobe analyses of bulk-rock and mineral samples collected from outcrops and vertical sections of hand-dug wells and freshly exposed lateritic profiles in Ibadan area indicate that the weathered basement rocks is composed mainly of kaolinite, quartz, sodic plagioclase feldspars and K-feldspar. Minor amounts of halloysite, geothite, biotite and muscovite are also present (Bolarinwa, 2001) . The sandstone and clay-shale lithology of the sedimentary areas of Lagos is dominated by quartz, kaolinite and plagioclase with minor amount of montmorillonite, chlorite and muscovite (Bolarinwa, 2001) . Analysis of the data shows that weathering reactions in the aquifer controls the groundwater chemistry. The chemical composition of the water is thus influenced by the climate, geologic environment and mineral stability. 
Discussion
The mobility of chemical components in underground water depends on their solubility and occurrence as free ions, complexes or molecules and on the environment. Apart from these natural phenomena, human activities also play significant roles on groundwater quality (Appleyard, 1995; Kacaroglu & Gunay, 1997) .
The chemical data presented in Tables 1 and 2 show wide ranges due to differences in the underlying rock types and seasonal changes in water chemistry resulting from recharge during the wet season and drawdown/abstraction Vol. 7, No. 1; and evaporation during the dry season. Similar results were obtained by Ako et al., (1990) (WHO, 1984; 1993; CEC, 1980, Table 3 ). Weathering of silicate minerals increases the alkalinity of groundwater and concentrations of total dissolved solids (TDS). The dissolution of sodi-potassic feldspars (perthite) or albititic plagioclase feldspar in the pegmatite veins and quartz schist of Apata, New Garage and Agbowo area is responsible for the high Na and K + in some of the basement and sedimentary sites may be due to localized ion exchange and precipitation of secondary clay minerals such as chlorite and kaolinite within fractures and intergranular pores within the bedrock (Archeampong & Hess, 1998) . These could be responsible for the low porosity and permeability of the aquifers. This is evident in the low yield recorded in some of the boreholes in these areas. The higher Na + and Cl -concentration in the aquifers of the sedimentary area may be due to salt-water intrusion (Oteri, 1989) . Higher Ca concentration has been implicated in the rusting of water pipes, bad taste and staining problems. In west, Benga, (lndia) iron-rich, alkaline, low-sulphate groundwater was postulated as the cause of arsenic poisoning (arsenicosis) of about 200,000 people. The elevated Na content of the Ibadan and Lagos groundwater is considered harmful to persons suffering from cardiac, renal and circulatory diseases, because it is far above the WHO (1993) recommended limit of 200 mg/L and the CEC (1980) maximum admissible concentration (Table 3) .
The variations noted in the concentration of ions in the groundwater of the study area with respect to the changes in precipitation over the period of sampling are environmentally significant. Higher concentrations were recorded in the samples collected during the dry season of January and February while low concentrations were observed in those of June and July, the peak of the wet season. Neutralization of the aquifer by rainwater in those months is apparent as shown in Figures 6 and 7 . The concentration of Na 
Conclusions
Hydrochemical studies of the groundwater in the basement area of Ibadan and the sedimentary Formation of Lagos show some marked differences in quality with seasons. While the basement water is sodium, calcium bicarbonate species, that of the Lagos sedimentary area is the sodium, calcium chloride and sulphate type. Geological studies show that the Na , the other ions concentration falls within the WHO (1993) and CEC (1980) recommended maximum value. Na causes foaming, which accelerates scale formation and corrosion in boilers. It is also harmful to people suffering from cardiac, renal and circulatory diseases, which is becoming very widespread in Nigeria. The Fe 
